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Abstract 
Through analyzing mine’s exploration report, mineral processing report, monitoring reports of beneficiation 
wastewater and clarified water in tailings reservoir, the paper discusses the migration and distribution regularity of 
accompanying harmful elements in the copper-bearing skarn mine at the Fengshan in the mineral processing system. 
After beneficiation of the crude ore, the content of arsenic and lead in one ton of concentrate are so high that they 
form some of pollutant factors in the subsequent smelting process for concentrate; arsenic, zinc and lead are highly 
concentrated in the tailings and it would accelerate environmental risk.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
Resources, Environment and Engineering 
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1. Introduction 
Fengshan Copper Mine belongs to Daye Non-ferrous Metals Co., LTD, which is a copper-bearing 
skarn mine [1], where more than 75% ore body occurs in skarn rock [2]. It is very rich in copper, 
molybdenum, lead and zinc. The reserves In Number 1 and 501 ore body occupies about 90% of the 
whole reserves in mine area. Fengshan Copper Mine is divided into two parts ore belt of southern edge 
* Corresponding author. Tel.: +8615827637799; fax: +8602787807650. 
E-mail address: lxqkyq1997@163.com. 
Open access under CC BY-NC-ND license.
Open access unde CC BY-NC-ND license.
140   XuQing Liu et al. /  Procedia Earth and Planetary Science  2 ( 2011 )  139 – 144 
and ore belt of northern edge [3] according to different spatial location of every ore body. The copper 
contained in the southern mineralized zone is mostly more than 1%, higher than that in the northern 
mineralized zone. We chose the mixture of 1:3 or 1:2 ratio of former and latter ore in mineral processing. 
Copper-bearing skarn mine is one of six main types of copper mines that could be developed and 
utilized at the present stage in China. Based on high-grade ore, the reserves of copper-bearing skarn mine 
is only inferior to that of copper-bearing porphyry and occupies 30% of copper mine reserves in the whole 
country. As a multi-elements deposit, it brings not only some beneficial and recyclable elements such as 
Mo, S, Au and Ag, but also other hazardous accompanying elements which have no recyclable value and 
may pollute the environment. Therefore, we take Fengshan Copper Mine for example and make a study 
on migration and regularity distribution of hazardous elements which accompany Fengshan ore body in 
the mineral processing system [4] so as to provide the pollution control and management in the mineral 
processing system of copper-bearing skarn mine or in the subsequent processing of the concentrates with 
scientific basis. There is no relevant report about such research results yet till nowadays. 
2. The Research Methods 
x Through the investigation on spectral analysis in mine’s exploration report and chemical analysis of 
combining-sample elements, sort by contents and make sure the main contaminants that need the 
intensive monitoring. 
x Beginning with crude ore, bring the main pollution elements that need the intensive monitoring into 
the whole mineral processing system and analyze their track and regularity distribution in copper-
molybdenum concentrate, sulfur concentrate, tail ore, beneficiation wastewater and tailings reservoir. 
x Put forward discharge wastewater standard requirements on the basis of the content of main pollution 
elements in beneficiation wastewater. 
x Discuss purification effect and regularity after statistical analysis of recent monitoring datas about 
clarified water drainage of tailings monitored by environmental monitor station. 
3. The Results and Discussion 
3.1. Testing data 
1) Emission Spectrographic Analysis Results in Crude Ore 
The Central South Metallurgical and Geological Exploration Company used to analyze ninety-eight 
ore samples of Fengshan Copper Mine by the method of emission spectrographic analysis [2]. The 
analytic results are shown in Table 1. 
2) The Chemical Analysis Results of Combining Samples in Crude Ore 
The results of 116 combining samples in the crude ore of Fengshan Copper Mine [2] are shown in 
Table 2. 
3) The Test Results of Elements’ Distribution in the Mineral Concentration Process 
The test results of main elements’ distribution in the concentration process [2] are shown in Table 3. 
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Table 1. Emission Spectrographic Analysis Results in Crude Ore 
Element Content (%) Element Content (%) Element Content (%) Element Content (%)
Si ˚10 Pb 0̚0.3 Cr 0̚0.01 La 0̚0.01 
Sb 0̚0.1 Fe 1̚10 Cu 3̚10 Sr 0̚0.1 
Mg 1̚10 Al 0.1̚10 Ga 0.001̚0.003 Y 0̚0.003 
Mn 0.01̚0.3 V 0̚0.03 Ag 0.001̚0.003 Yb 0̚˘0.001 
Sn 0̚0.003 Zn 0̚0.3 Ge 0̚˘0.001 Ta 0 
W 0̚0.03 Ti 0.001̚10 Ba 0̚0.03 As 0̚0.013 
Bi 0̚0.03 Zr 0̚0.003 Nb 0   
Ni 0̚0.003 Co 0.001̚0.01 Ce 0̚0.1   
Table 2. The Chemical Analysis Results of Combining Samples in Crude Ore 
Element 
Minimal content 
 (%) 
Average 
 (%) 
Maximum 
(%) 
Element 
Minimal 
 (%) 
Average 
 (%) 
Maximum 
(%) 
S 0.007 3 13.57 In 0 0.0001 0.0016 
W 0 0.01 0.052 Tl 0.00002 0.0001 0.0014 
Se 0 0.0003 0.002 Te 0 0.0005 0.0015 
Zn 0 0.06 0.18 Re 0 0.0002 0.001 
Pb 0 0.005 0.01 Go 0.0001 0.0006 0.0027 
As 0.003 0.001 0.14 Bi 0.0004 0.002 0.004 
Co 0 0.001 0.01 Ta2O5 0 0.0001 0.0005 
Ge 0.0001 0.0002 0.0007 Cd 0 0.0003 0.0015 
Note˖The Combining Samples are mixed by the ratio 1:3 of southern edge and northern edge. 
Table 3. The Distribution of Main Elements in the Mineral Concentration Process 
Category Name 
yield Cu Mo S Pb Zn As Ag Au 
(t/d) (t/d) (kg/d) (g/d)
In Raw material Crude ore 2000 15.18 0.39 29.76 200 3600 2800 37.27 710 
Out
Product 
Copper-
molybdenum 
concentrate
68.61 13.72 0.31 11.99 59 260.7 48.02 31.19 594.27 
By-product 
Sulfur 
concentrate
47.72 0.17 0.04 15.58 57.26 23.38 38.17 0.46 8.73 
Solid waste 
Tailings
reservoir 
1883.6 1.275 0.04 2.18 82.23 3311.3 2712.8 5.62 106.99 
Waste gas Mine dust 0.05 <0.01 <0.001 <0.001 0.01 0.1 0.07 <0.001 0.02 
Liquid waste 
Beneficiation 
wastewater 
 0.015 <0.001 <0.001 1.5 4.5 0.9 <0.001 <0.001 
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4) The Contents of Harmful Elements in Beneficiation Wastewater 
The contents of pollution elements in beneficiation wastewater [5] are shown in Table 4.   
Table 4. The Contents of Pollution Elements in Beneficiation Wastewater 
Number pH Cu(mg/L) Pb(mg/L) Zn(mg/L) Cd(mg/L) As(mg/L)
1 9.0 0.64 0.338 0.131 0.017 0.014 
2 9.6 1.54 0.097 0.083 0.000 0.034 
3 9.3 2.04 0.008 4.044 0.010 0.037 
4 9.9 13.45 1.340 1.776 0.018 0.041 
5 11.1 4.21 0.000 0.202 0.000 0.037 
6 11.8 0.20 0.450 0.107 0.032 0.106 
7 11.9 224.2 8.078 9.624 0.558 0.456 
8 11.5 0.59 0.031 0.907 0.041 0.049 
9 11.4 23.4 1.181 1.889 0.055 0.039 
10 12.2 1.20 0.018 0.058 0.004 0.037 
11 11.7 1.65 0.418 0.062 0.056 0.031 
Average  24.83 1.088 1.717 0.072 0.080 
5) The Contents of Harmful Elements in the Clarified Water of Tailings Reservoir 
Through the investigation on the whole 12 pieces of monitoring reports 2010 from the environmental 
monitor station in Yangxin County [6], we know that the contents of harmful elements in the clarified 
water of tailings reservoir are all up to the standard. The average result is shown in Table 5. 
Table 5. The Distribution of Pollution Elements in the Clarified Water of Tailings Reservoir 
Item pH  Cu(mg/L) Pb(mg/L) Zn(mg/L) Cd(mg/L) As(mg/L)
Index 8.96 0.017 0.026 0.013 0.0017 0.074 
Reference quantity[7] 6̚9 0.5 1 2 0.1 0.5 
3.2. Discussion 
1) Accompanying Main Harmful Elements in the Crude Ore 
From the emission spectrographic analysis results in Table 1, it shows that there are some 
accompanying hazardous elements such as zinc (Zn), lead (Pb) and arsenic (As) in the crude ore. First 
class pollutants are mainly As and Pb. Moreover, from the chemical analysis results of combining 
samples, it indicates that there exists trace amounts of cadmium in crude ore. 
2) The Migration and Distribution Regularity of Main Pollution Elements in the Mineral Concentration 
Process 
It could be seen from Table 3 that the main pollution elements own their migration and regularity 
distribution in the mineral concentration process as follows: 
(a) Both of copper and sulfur belong to industrially valuable products through enriching recovery of 
beneficiation. Their recovery ratios are both about 92% and the rest nearly enter into tailings. 
(b) About 29.50% and 28.63% of lead’s quantity respectively distribute into copper-molybdenum 
concentrate and sulfur concentrate through enriching in the mineral concentration process. The result that 
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0.86 kg and 1.12 kg of lead content respectively are contained in one ton of both concentrates causes the 
contamination hidden troubles of subsequent processing.  
(c) Only 1.72% and 1.36% of arsenic’s quantity respectively distribute into copper-molybdenum 
concentrate and sulfur concentrate through enriching in the mineral concentration process. However, the 
arsenic content in the crude ore is so high that the arsenic’s quantity in one ton of both concentrates are up 
to 0.70 kg and 0.8 kg respectively, and that forms one of pollutant factors in the subsequent smelting 
process for both concentrates. 
(d) After beneficiation, arsenic, zinc and lead of the crude ore are highly concentrated in the tailings 
and it’s not easy for them to enter into the clarified water of tailings. The above analysis declares that 
these three elements exist in the form of insoluble state and their lattice structures should be made sure 
through further research. 
(e) Mine dust lose in broken procedure of beneficiation is of small amount and could be recyclable. 
3) The Content and Distribution of Cadmium (Cd)  
Because the tiny content of cadmium (Cd) in the crude ore is inferior to the detection limit of emission 
spectrometry, there is no quantitative spectrum result appearing in Table 1. LiXiangrong et al.[8] had 
detected cadmium in copper sample of  GBW07170 standard by employing the method of atomic 
absorption. The element cadmium also could be detected in the chemical analysis results (Table 2) of 116 
combining samples in the crude ore of Fengshan Copper Mine, where the average is 0.0003%. As 
accompanying first class pollutants in the crude ore, the content As is the largest, the Pb content take 
second place, the Cd content lowest. Elements of Cd and Zn are in the same supplement group, so they 
have similar characters. We gain the distribution regularity of element Cd in Table 6 by making an 
analogy analysis of zinc’s distributing ratio in the mineral concentration process. 
Table 6. The cadmium’s distribution of Fengshan Copper Mine in the mineral concentration process 
Name Crude material Cu-Mo concentrate Sulfur concentrate Tailings Dust Beneficiation wastewater 
Content(%) 0.0003 6.43×10-4 0.83×10-4 2.93×10-4 0.0003 1.5×10-6
The content of cadmium is far lower than that of arsenic and lead and there exists the trend that the 
cadmium is enriched in the copper concentrate and sulfur concentrate. One ton of above both concentrates 
contain 0.643kg and 0.083kg cadmium respectively. Moreover it is focused on more strictness in the 
pollution control requirements of cadmium than that of As and Pb because of its high risk to human 
health. In view of the above reasons, we should pay close attention to element Cd. 
4) The Distribution Characteristics of Pollution Elements in Beneficiation Wastewater 
It is shown by the contents of pollution elements in beneficiation wastewater of Fengshan Copper 
Mine in Table 4 that the quality of beneficiation wastewater is hard to reach the standard [7] if it is not 
treated. Even there may be an emerging accident effluent taking sample 7 in Table 4 for example. 
5) The Distribution Characteristics of Pollution Elements in the Clarified Water of Tail Dam 
It is revealed in Table 5 that tail dam is suitable for cleansing wastewater in tailings to reach the 
standard just because of tailings’ function of adsorption precipitation. But it increases the total quantity of 
hazardous elements in the tailings and accelerates environmental risk at the same time if the untreated 
beneficiation wastewater discharges directly into the tailings. 
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4. Conclusion 
1) As accompanying first class pollutants in the crude ore, the As content is the largest, the Pb content 
takes second place, the Cd content lowest. 
2) It could be seen that accompanying hazardous elements of the copper-bearing skarn mine at 
Fengshan own their distribution regularity in the mineral processing system as follows: 
x About 29.50% and 28.63% of lead’s quantity respectively distribute into copper-molybdenum 
concentrate and sulfur concentrate through enriching in the mineral concentration process. The result 
that there are 0.86kg and 1.12 kg of lead content respectively in per ton of concentrate causes the 
contamination hidden troubles of subsequent processing. 
x Only 1.72% and 1.36% of arsenic’s quantity respectively distribute into copper-molybdenum 
concentrate and sulfur concentrate through enriching in the mineral concentration process. Because of 
the high content of arsenic in the crude ore the content of arsenic in the concentrate is up to 0.70kg and 
0.80 kg respectively, which in the same way is one of pollutant factors in the subsequent processing. 
3) The quality of beneficiation wastewater is hard to reach the standard if it is not treated. Even there 
may be an emerging accident effluent. So it is suggested in the paper that all the copper concentration 
plants build wastewater treating equipment.  
4) Tail dam is suitable for cleansing the wastewater in tailings because of tail ore’s function of 
adsorption precipitation. After cleansing the quality of clarified water could reach the standard. But it 
would increase the total quantity of hazardous elements in the tailings and accelerates environmental risk 
at the same time if the untreated beneficiation wastewater discharges directly into the tailings.  
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